Unstable external-rotation type ankle fractures with concomitant syndesmosis injury commonly occur. Syndesmosis screw fixation has long been regarded as a reference standard treatment for syndesmosis injury. However, its complications and biomechanical disadvantages have become controversial; thus, we designed a novel elastic syndesmosis hook plate (ESHP) that combines the features of both rigidity and flexibility. The purpose of the present study was to introduce this new method and compare its clinical outcomes with those of routine screw fixation. We randomized 25 patients to the screw fixation group and ESHP group. The average follow-up period was 12 months. The clinical outcomes included malreduction or loss of reduction, overall complications, and function. During the follow-up period, 3 cases (25%) of malreduction were found in screw fixation group on postoperative computed tomography. In the ESHP group, only 1 patient (7.69%) had a narrowed anterior gap between the distal tibia and fibula. However, the difference in the malreduction rate between the 2 groups was not significant statistically (p = .32). The overall complication rate in the ESHP group was lower than that in the screw group, although no significant differences were found between the 2 groups. The mean visual analog scale scores in the ESHP and screw groups were 1.46 ± 1.33 and 2.42 ± 2.07, respectively. The average dorsiflexion range of motion in both groups was satisfactory (14.77°versus 12.83°; p = .16). However, a statistically significant difference was found in the plantarflexion range of motion between the 2 groups (p < .05). In addition, the ESHP group had an earlier time to return to work (p < .05). The ESHP fixation construct can stably fix syndesmosis, retain the physiologic micromotion function of the syndesmosis, and results in fewer complications compared with routine syndesmosis screw fixation for syndesmotic instability. In conclusion, our results have shown ESHP to be a viable method for treatment of syndesmosis instability.
It has been reported that approximately 9% of all ankle fractures (1) and~20% of all operatively treated ankle fractures will be associated with disruption of the distal tibiofibular syndesmosis (2, 3) . Because the reported incidence of syndesmosis injuries has been increasing, ankle injuries involving the syndesmosis are probably more common than previously thought.
The interosseous ligament, interosseous membrane, posteroinferior tibiofibular ligament, anteroinferior tibiofibular ligament, and inferior transverse ligament compose the syndesmosis (4) (5) (6) . In most external-rotation type ankle fractures, the syndesmosis becomes unstable owing to rupture or dysfunction of the anteroinferior tibiofibular ligament and posteroinferior tibiofibular ligament (7, 8) . The stability of an injured syndesmosis can be decreased even when the fractures have been well reduced and fixed (9, 10) . The use of internal fixation for ankle fractures with syndesmosis injury has been widely recommended to avoid early ankle arthrosis and poor functional outcomes (11, 12) . Transsyndesmosis screw fixation has long been regarded as the reference standard treatment for syndesmotic instability (9, 13) . However, this method has become controversial, because it provides static fixation and could lead to biomechanical alteration and a series of complications. In many recent studies, dynamic fixation has been advocated (14) (15) (16) .
Considering the physiologic characteristics of the micromotion of the syndesmosis, we designed a novel elastic syndesmosis hook plate. In the present study, we report on the new method to treat syndesmosis instability and compared its clinical outcomes with those of syndesmosis screw fixation. We hypothesized that this method could achieve better functional outcomes, better syndesmosis reduction, and adequate syndesmosis stability compared with screw fixation.
Patients and Methods
The institutional ethic review board approved the present study before we enrolled any patients. From July 2012 to December 2014, 96 patients who had experienced an external-rotation type ankle fracture with syndesmosis injury and admitted to The Affiliated Southeast Hospital of Xiamen University were prospectively assessed. All the patients underwent physical examination, trauma radiography, computed tomography (CT), and magnetic resonance imaging. Patients were excluded from the study if their medical records or imaging studies were unavailable or incomplete. Patients were also excluded if they were aged >65 years or <18 years. Other exclusion criteria included open ankle fractures or poor condition of the soft tissues, polytrauma or multiple fractures, previous inferior tibia and fibula ligament injury, fresh fractures occurring on the same side during the postoperative follow-up period, and patient refusal to give informed consent. Of the 96 patients evaluated, 43 met the study criteria. These patients underwent surgery in the supine position under continuous epidural anesthesia. A single posterolateral approach to the ankle joint was usually used to avoid sural nerve injury. The distal tibiofibular joint were exposed and explored. Medial, lateral, and posterior fractures were reduced and fixed with screws and plates. Syndesmotic instability was assessed using the lateral stress test and external rotation stress test under direct visualization in accordance with previous studies (9, 17) . Finally, 11 patients with a stable syndesmosis were excluded, and 32 patients with an unstable syndesmosis were enrolled in the present study. These patients were alternately assigned to 2 groups by sequence of their hospital admission: the (1) elastic syndesmosis hook plate (ESHP) fixation group, and (2) screw fixation group. All the operations were performed by the same surgeon (Q.L.) throughout the study.
ESHP Fixation
The novel ESHP (patent no. ZL201220005912.4) was produced by the Xiamen Double Engine Medical Material Co., Ltd., China (Fig. 1 ). In the ESHP fixation group, the syndesmosis was reduced and the reduction maintained with a point type reduction clamp under direct vision and fluoroscopic guidance. After bony fixation, the tail plate of the ESHP was attached to the anterolateral aspect of the lateral distal fibula 3 cm above the tibia joint line (Fig. 2) . The head of the ESHP was fixed to the tibia using 3.5-mm cortical screws from posterolaterally to anteromedially. Finally, saline irrigation, hemostasis, and wound closure were performed.
Regular Screw Fixation
In the screw fixation group, the syndesmosis was reduced and the reduction maintained with a clamp under direct vision and fluoroscopic guidance. Internal fixation was conducted according to AO principles. Two 2.5-mm drill holes were created about 3 cm above the syndesmosis, parallel to distal tibia joint line through the plate hole from posterolaterally to anteromedially. The ankle was kept in dorsiflexion to avoid undue compression of the joint. We drilled 3 cortices and inserted two 3.5-mm cortical screws.
Postoperative Treatment
Postoperatively, to avoid ankle edema, the injured limbs were kept elevated. The sutures were removed~2 weeks after surgery. In both groups, a short-leg clinical gypsum cast maintained the ankle joint in a neutral position for 3 weeks. The clinical gypsum cast was then removed and active and passive range of motion (ROM) was initiated, with no weightbearing for another 3 weeks. Weightbearing was not allowed within 6 weeks after surgery. Progressive weightbearing was allowed according to the postoperative radiographic findings after 6 weeks.
Outcome Measures
The patients were followed up at 1, 3, 6, and 12 months after surgery. Malreduction and reduction loss were evaluated by CT using the uninjured contralateral ankle as the control. The presence of malreduction and reduction loss was determined according to the medial clear space, distal tibiofibular clear space, and tibiofibular overlap. Wound complications were investigated and included dehiscence and superficial and deep infection. Pain was evaluated using the visual analog scale (VAS) score. Plantarflexion and dorsiflexion ROM was measured using a goniometer. In addition, the time to return to usual work was recorded.
Statistical Analysis
All statistical analysis was performed using SPSS, version 24.0 (IBM Corp., Armonk, NY). The results are presented as the mean ± standard deviation. The categorical data were compared using the χ 2 test between the 2 groups. The unpaired Student t test was used to analyze continuous parameters. p Values ≤ .05 were considered to indicate statistically significant differences.
Results
During the follow-up period, 1 patient in the screw group and 2 patients in the ESHP group were lost to follow-up. Also, 1 patient in the ESHP group and 3 patients in the screw group refused to return for evaluation. The remaining 25 patients completed the whole study at the final follow-up examination. Information for all the patients was extracted from the hospital database. Of the 25 patients, 14 (56%) were male and 11 (44%) were female. The fractures were classified according to the Lauge-Hansen fracture type (18) . No statistically significant differences were found in age, gender, fracture classification, side of injury, presence of diabetes, or smoking rate between the 2 groups (p > .05). The results are listed in Table 1 .
Malreduction
Intraoperative radiographs showed good reduction in both groups. However, on the postoperative CT scan, 3 cases (25%) of malreduction were found in the screw fixation group (Table 2 ). In the ESHP group, only 1 patient (7.69%) had a narrowed anterior gap between the distal tibia and fibula. However, the difference in the malreduction rate between the 2 groups was not significant statistically (p = .32).
Overall Complications
In the screw group, the screws were removed at 4.08 months postoperatively. In the ESHP group, the screws and ESHP were removed at 9.85 months postoperatively. One case of superficial infection (7.69%) developed in the screw group, which resolved with surgical intervention and antibiotic treatment. In the ESHP group, 1 case of dehiscence (8.33%) occurred after suture removal, which healed after closing the skin again. In the ESHP group, no patient experienced loss of reduction during the 12-month follow-up period. In the screw group, screws broke in 2 patients (16.67%), resulting in loss of reduction. Nevertheless, no significant difference was found between the 2 groups in the loss of reduction rate (p = .22).
Functional Outcomes
At the final follow-up examination, the mean VAS scores in the ESHP group and screw group were 1.46 ± 1.33 and 2.42 ± 2.07, respectively (Table 2 ). No significant difference was found between the 2 groups in pain scores (p > .05). However, the pain score was higher in the screw group throughout the follow-up period. In the screw group, 2 patients obviously experiencing discomfort in the ankle and required early screw removal. No patient in the ESHP group complained of discomfort. The average dorsiflexion ROM in both groups was satisfactory (14.77°versus 12.83°; p = .16). However, the mean plantarflexion ROM in the screw group was 30.25°and in the ESHP group was 35.15°. The difference in plantarflexion ROM between the 2 groups was statistically significant (p < .05). In addition, ESHP group had an earlier time to return to work; this difference was also statistically significant (p < .05).
Discussion
The distal tibiofibular syndesmosis comprises 2 bones and 4 ligaments and is a delicate structure. It provides a dynamic relationship for the tibia and fibula during ankle motion (19, 20) . The main treatment of distal tibiofibular syndesmosis injury includes conservative care and surgery. Many methods of internal fixation are available, including cortical bone screw, absorbable screw, traditional lower tibia and fibula hook, button plate, steel wire binding, and so forth (3, 6, 12) . The widely used screw fixation method has been reported to have several drawbacks, including static fixation, screw breakage, screw loosening, prolonged immobilization and the associated complications, and the requirement for a second operation to remove the screw (6, 9) . Absorbable screws are synthesized by polylactic acid, which degrades in vivo, resulting in no need for a second operation for screw removal. Nevertheless, it has not been widely used in clinical practice, because the biomechanical strength of polylactic acid is not as great as that of the metal implant (21) . Recently, the use of Endobutton (Smith & Nephew, Jericho, NY) fixation has been rapidly increasing. According to research results, this technique has the following advantages: allows physiologic micromotion at the syndesmosis, lessens the risk of pain, implant removal is not necessary, earlier weightbearing is possible, and no risk of screw breakage (22) . However, this method still has some disadvantages, including its relative complexity, the risk of local suture Abbreviations: ESHP, elastic syndesmosis hook plate fixation; PER, pronation external rotation; Screw, regular screw fixation; SER, supination external rotation. Data presented as mean ± standard deviation or n (%). * No differences in the demographic features between the 2 groups were statistically significant (p > .05). reactions, the suture loop can relax with weightbearing, and osteolysis of the bone (23) .
In the present study, the ESHP construct was developed with the goal of flexible fixation. We investigated the biomechanical properties of ESHP on fresh cadaveric legs in the State Key Laboratory of Biomechanics, Southern Medical University (24, 25) . Compared with the screw group, we found better 3-dimensional stability and fatigue resistance stability in the ESHP group (p < .05). First, the head segment and tail segment afforded improved rigidity and stability. Second, the body segment, which is located between the tibia and fibula, retains the motion of the syndesmosis to the maximum degree. To the best of our knowledge, ours is the first comparative study to treat syndesmotic instability using ESHP fixation in acute ankle fractures. In the present study, no loss of reduction occurred in the ESHP group during the follow-up period. In contrast, diastasis recurred after screw removal in 2 patients in the screw group. In previous studies, the diastasis recurrence rate was~6% to 15.8% with screw fixation (26) . We speculated that the ESHP would be strong enough to maintain the syndesmotic reduction and stability. Accurate reduction and physiologic micromotion of the syndesmosis to avoid the development of posttraumatic osteoarthritis and improve functional outcomes was highlighted in previous research (13) . The malreduction rate in the ESHP group (7.69%) was lower than that in the screw group (25%), although the difference was not statistically significant (p > .05). We hypothesized that the anatomic reduction and flexible fixation achieved using the ESHP would allow for physiologic micromotion of the distal fibula to match the distal tibia incisura automatically according to their shape. At the final follow-up examination, no statistically significant difference was found in the VAS scores between the 2 groups (p > .05). We believe the difference only reflected general pain because only 2 patients, who were obviously experiencing discomfort in the ankle, requested early screw removal. The latter we regarded as a specific pain. According to the follow-up results, the patients with the ESHP had better functional outcomes at the 12-month examination, with an earlier return to work and greater increased ankle ROM. The ESHP does not pass through the joint surface of the tibial astragalus joint, which allows for anatomic reduction of the tibiofibular joints. It also reliably contacts with the lateral malleolus, avoiding the defects of stress concentration by point contact that results with traditional lower tibia and fibula hook fixation. In addition, when syndesmosis injury is combined with a fibula fracture, the tail of the ESHP can be directly fixed to the fibula plate, avoiding the problem of syndesmotic reduction when the screw cannot be implanted owing to local fracture of the fibula.
The present retrospective study had several limitations. Our study was not blinded because of the concurrent clinical and radiologic reviews. Degenerative changes in the ankle joint could still occur, and a longer followup period is needed to investigate the long-term effects. The decision for screw removal was determined by surgeon preference. Additionally, its cost effectiveness should be evaluated in future studies.
In conclusion, the ESHP fixation construct can stably fix syndesmosis, retain the physiologic micromotion function of the syndesmosis, and results in fewer complications compared with routine syndesmosis screw fixation for syndesmotic instability. In addition, the ESHP is simple in design and easy to use. Therefore, the results of the present study has shown it is a viable method for treatment syndesmotic instability.
